1.. Introduction {#s0002}
================

Polycystic kidney disease (PKD) is a life-threatening genetic disease caused by mutations in *PKD1* or *PKD2* that finally leads to end-stage kidney disease in more than 10% of patients \[[@CIT0001]\]. PKD is often characterized by the formation of fluid-filled renal cystic dilations and loss of renal function with age, and PKD patients in the final stage depend on dialysis or kidney transplantation \[[@CIT0002]\]. Nowadays, studying molecular mechanisms of PKD have achieved novel therapeutic strategies \[[@CIT0003],[@CIT0004]\]. Therefore, understanding the underlying mechanism involved in the progression of PKD is important for finding novel therapeutic strategies for PKD.

Autophagy is a successive cellular process that maintains cellular homeostasis through degrading and clearing cytoplasmic components and damaged organells \[[@CIT0005]\]. The Unc-51-like (ULK) 1 and LC3-I converted to LC3-II are important for autophagy initiation and induction \[[@CIT0006],[@CIT0007]\]. Dysfunctional of autophagy leads to the progression of cardiovascular disorders, cancers, metabolic disease \[[@CIT0008]\]. Recent studies have demonstrated that activation of autophagy may play a protection role in PKD \[[@CIT0011]\]. However, the underlying mechanism involved in the regulation of autophagy in PKD is still largely unknown.

miR-25-3p, a member of miR-106b∼25 cluster, is a widely expressed miRNA that has been found to be aberrantly expressed in cancers, Alzheimer's disease, chronic liver injury, etc. \[[@CIT0014]\]. Compared with normal tissues, miR-25-3p is overexpressed in gastric cancer tissues, which promotes the proliferation of gastric cancer cells \[[@CIT0017]\]. In contradiction, miR-25-3p expression can be low in tongue squamous cell carcinoma tissues and cells, and miR-25-3p overexpression reduces the proliferation of cancer cells \[[@CIT0018]\]. Recent report has shown that miR-25 overexpression inhibits the autophagy in breast cancer \[[@CIT0019]\], and promotes glioma cell proliferation \[[@CIT0020]\]. However, whether miR-25-3p is involved in the regulation of autophagy and proliferation in PKD is not clear.

Autophagy-related (Atg) proteins are important for autophagosome formation \[[@CIT0021]\]. ATG14 is one of these proteins that plays key roles in autophagy initiation, for Barkor/ATG14, Beclin 1 (ATG6 in yeast) and VPS34 consisting of autophagosome formation-specific phosphatidylinositol 3-kinase complex \[[@CIT0022]\]. Recent studies have shown ATG14-Beclin 1 is closely associated with a variety of diseases, such as chronic myeloid leukemia, traumatic brain injury, and myocardial hypoxia/reoxygenation injury \[[@CIT0023]\]. However, the role of ATG14-Beclin 1 in the regulation of PKD is still not known.

In this study, we found miR-25-3p was upregulated in PKD mice, and inhibition of miR-25-3p promoted the autophagy in renal cells and inhibited the proliferation of renal cells through targeting ATG14, which provided potential targets for the treatment of PKD.

2.. Materials and methods {#s0003}
=========================

2.1.. Pkd mouse model {#s0004}
---------------------

This study was conducted on male Pkd1^flox/-^;Ksp-Cre mice (PKD mice) and wild type mice (WT mice), which were generated from BAC transgenic mice \[[@CIT0026]\]. All mice were maintained under a specific pathogen-free condition, with a cycle of 12 h light/12 h dark and a temperature of 25 °C with free access to water and food. PKD mice and WT mice were sacrificed at day 1, 3, 7, 10 and 14 after birth, and the kidney tissues were collected for measuring kidney to body weight, blood urea content and cyst proportion. To observe the effect of miR-25-3p inhibition, mice were injected with lentiviral vector carrying miR-25-3p inhibitor (2 × 107 TU) *via* tail vein at day 10. To observe the effect of silencing ATG14, mice were injected with lentiviral vector carrying si-ATG14 *via* tail vein at day 10. All experimental protocols were approved by the Animal Care Committee of The Second Affiliated Hospital of Harbin Medical University (SYXK2019-001).

2.2.. Construction of lentiviral vectors {#s0005}
----------------------------------------

Lentiviral vectors carrying miR-25-3p inhibitor and small interference ATG14 were synthesized by GENECHEM (Shanghai, China). The virus solution was diluted with normal medium gradient, and 293 T cells were infected with MOI = 1, 10, 100, 1000 gradient. Add 8 μg/ml of polybrene to each well and infect them in a 37 °C, 5% CO~2~ incubator for 2 h. During the period, shake the plate every 20 min to fully infect the cells with the virus. Centrifuge the plate horizontally at 1000 rpm for 10 min, discard the medium gently, and add fresh medium containing 2% serum to continue the culture. After 4 days, observe the expression of fluorescence, mix the cells in each well by pipetting, and count the number of fluorescent cells in 100 cells. Mice were injected with lentiviral vector carrying miR-25-3p inhibitor or si-ATG14 (2 × 107 TU) *via* tail vein.

2.3.. Hematoxylin and eosin (HE) staining {#s0006}
-----------------------------------------

Paraffin sections of kidney tissues were sliced into 4 μm-thick sections, and dewaxing was conducted using xylene for 10 min, 100% ethanol for 5 min, 90% ethanol for 2 min, 80% ethanol for 2 min, 70% ethanol for 2 min, distilled water for 2 min. Hematoxylin and Eosin Staining Kit (Beyotime Biotechnology, Nantong, China) was used for HE staining according to the manufacturer's instruction.

2.4.. Cell isolation, culture, and transfection {#s0007}
-----------------------------------------------

Renal cortical tubular epithelial cells were isolated from ducts of PKD mice and cultured in Dulbecco's Modified Eagle Medium (DMEM; Invitrogen, New York, CA, USA) supplemented with 2% fetal bovine serum (FBS; Gibco, Grand Island, CA, USA), 1% Glutamax (Invitrogen, New York, CA, USA), 1% penicillin-streptomycin, 0.10 μM 2,3,5-triiodo-[l]{.smallcaps}-thyronine, 0.2 g ethanolamine, 0.55 g transferring, 0.67 mg sodium selenite, 0.75 μg interferon-γ, 1.0 g insulin and 36 ng hydrocortisone in 5% CO~2~ incubator at 37 °C. The PKD cells were sorted by Dolichos biflorus agglutinin (DBA) as previously described \[[@CIT0011]\]. Firstly, cells were grown to 80% confluence at 37 °C for 72 h. Then, trypsin was used for trypsinization of the cells. Sodium pyruvate (11.0 g) was added in the medium to maintain the viability of cells. Finally, 1 × 106 cells were cultured with 10 µg DBA and carried out cell sorting.

miR-25-3p inhibitor (inhibitor) and its negative control inhibitor -nc, si-ATG14 vector and its negative control si-NC were synthesized by Genechem (Shanghai, China). PKD cells were seeded into 6-well plates and grown to 70% confluence, then cells were transfected mimic and/or ATG14 using Lipofectamine 2000 (Invitrogen, New York, CA, USA).

2.5.. Western blot {#s0008}
------------------

Proteins from kidney lysates or PKD cells were isolated using Radio-Immunoprecipitation Assay (RIPA) Lysis and Extraction Buffer (Thermo Scientific, New York, CA, USA), and protein concentration was measured using Pierce Rapid Gold BCA Protein Assay Kit (Thermo Scientific, New York, CA, USA). Proteins (50 µg) were separated on a 12% SDS-PAGE and transferred to PVDF membranes (Invitrogen, New York, CA, USA). The membranes were blocked with 5% skim milk for 2 h, and incubated with primary antibodies against ULK1 (Invitrogen, USA), LC3-I (Abcam, Cambridge, MA, USA), LC3-II (Abcam, Cambridge, MA, USA), p62 (Cell Signaling Technology, Danvers, MA, USA), E2F-1 (Abcam, Cambridge, MA, USA), PCNA (Cell Signaling Technology, USA), ATG14 (Cell Signaling Technology, Danvers, MA, USA), Beclin1 (Invitrogen, New York, CA, USA) and GAPDH (Cell Signaling Technology, Danvers, MA, USA). Then, the membranes were incubated with HRP-conjugated secondary antibody (Abcam, Cambridge, MA, USA). The bands were visualized using ECL Chemiluminescent Substrate Reagent Kit (Invitrogen, New York, CA, USA). GAPDH was used as an internal control.

2.6.. Qrt-PCR {#s0009}
-------------

Total RNA from kidney tissues or PKD cells was isolated using Trizol (Invitrogen, New York, CA, USA). Advantage RT-for-PCR Kit (Clontech, Tokyo, Japan) was used to reverse RNA into first-strand cDNA. One Step TB Green PrimeScrip RT-PCR Kit (Takara, Kyoto, Japan) was used to conduct qRT-PCR in a Thermal Cycler Dice Real Time System (Takara, Kyoto, Japan). The PCR protocol consisted of 94 °C for 2 min followed by 25 cycles at 94 °C for 40 s, annealing at 62 °C for 45 s, and a 72 °C extension for 60 s. The primers used in this study were shown as follows: miR-25-3p, F: 5′-CTGGTAGGCATTGCACTTGTCT-3′, R: 5′-TCAACTGGTGTCGTGGAG-3′; U6, F: 5′-CTGGTAGGGTGCTCGCTTCGGCAG-3′, R: 5′-TCAACTGGTGTCG\>TGGAG-3′. Relative miR-25-3p expression was calculated by 2^−ΔΔCt^ method. U6 was used as an internal reference \[[@CIT0027]\].

2.7.. Bromodeoxyuridine (BrdU) staining {#s0010}
---------------------------------------

The proliferation of PKD cells at different treatment groups was detected using BrdU staining kit (Sigma, St. Louis, MO, USA) \[[@CIT0028]\]. PKD cells (2 × 104) were seeded into 6-well plates and cultured for 24 h, then miR-25-3p inhibitor or inhibitor-nc were transfected into cells for 48 h. BrdU (10 μM) was added to PKD cells and incubated for two hours. Later, the medium was discarded, and cells were fixed with 4% paraformaldehyde for 20 min at room temperature. The paraformaldehyde was discarded, and PBS was used to wash the cells for three times. Transparent liquid was added and cultured for 15 min at room temperature. PBS was used to wash the cells for three times. Then, 0.5 mL click additive solution was added to each well and cultured for 30 min at dark at room temperature. The cells were observed using a fluorescent microscope (Olympus, Tokyo, Japan), and counted in five visual fields.

2.8.. Dual luciferase reporter gene assay {#s0011}
-----------------------------------------

The 3′ UTR of ATG14 containing ATG14-miR-25-3p response element was inserted into the psiCHECK-2 vector (Promega, Madison, WI, USA). A mutant 3′-UTR of ATG14 was also inserted into psiCHECK-2 vector (Promega, Madison, WI, USA). psiCHECK-2_ATG14-WT or psiCHECK-2_ATG14-Mut, miR-25-3p-nc or miR-25-3p were co-transfected into PKD cells using Lipofectamine 2000 (Invitrogen, New York, CA, USA) for 48 h. The luciferase activity was detected by Dual luciferase detection system (Promega, Madison, WI, USA).

2.9.. Cell counting kit-8 (CCK8) assay {#s0012}
--------------------------------------

The proliferation of PKD cells at different groups was detected CCK8 kit (Beyotime Biotechnology, Nantong, China) \[[@CIT0029]\]. Cells were seeded into 96-well plates at a concentration of 5 × 103/well and cultured for 2 h, 8 h, 16 h, and 24 h. CCK8 solution (10 μl) was added into each well for 1 h before reading the plate. Finally, and the absorbance at 450 nm was recorded at the end of reaction using a microplate reader (Thermo Scientific, New York, CA, USA).

2.10.. Immunohistochemical technique {#s0013}
------------------------------------

Paraffin sections of kidney tissues were sliced into 4 μm-thick sections, and dewaxing was conducted using xylene for 10 min, 100% ethanol for 5 min, 90% ethanol for 2 min, 80% ethanol for 2 min, 70% ethanol for 2 min, distilled water for 2 min. For immunohistochemistry, sections were microwaved for antigen retrieval with Tri-EDTA, blocked with endogenous peroxidase, and incubated with primary antibody against ATG14 (Cell Signaling Technology, Danvers, MA, USA) at 4 °C for 12 h. Then, sections were washed for three times and incubated with horseradish peroxidase labeled secondary antibody at 4 °C for 1 h. After washing for three times, the sections were developed using 3, 3′-diaminobenzidine (DAB) chromogen.

2.11.. Dna replication analysis {#s0014}
-------------------------------

The analysis of DNA replication was performed according to previous report \[[@CIT0030]\]. Cells were pulse-labeled with 20 µM IdU (Sigma, St. Louis, MO, USA) for 20 min. Then, labeled with 50 µM CldU (Sigma, St. Louis, MO, USA) for 20 min. Next, cells were embedded in low-melting point agarose plugs and lysed with proteinase K for 24 h at 50 °C. DNA was detected with anti-single-strand DNA (Sigma, St. Louis, MO, USA), anti-IdU (Sigma, St. Louis, MO, USA), and anti-CldU (Sigma, St. Louis, MO, USA) antibodies, and images were obtained by an epifluorescence microscope. The signals were measured using ImageJ software and the replication rate was calculated from the length of CldU and IdU signals.

2.12.. Statistical analysis {#s0015}
---------------------------

All the experiments were repeated for three times. We used SPSS 17.0 (Chicago, IL, USA) for the data analysis. All data were presented as mean ± standard deviation (SD). Student's *t* test was used for the comparison between two groups, one-way analysis of variance (ANOVA) test was used for the comparison among groups, with *p* \< 0.05 considered statistically significant.

3.. Results {#s0016}
===========

3.1.. Inhibited autophagy in renal cells from polycystic kidney mice {#s0017}
--------------------------------------------------------------------

Firstly, we measured kidney to body weight and blood urea content at day 1, 3, 7, 10 and 14 in WT and PKD mice, and found the kidney to body weight was significantly increased in PKD group at day 7, 10 and 14, and the blood urea content was significantly increased in PKD group at day 1, 3, 7, 10 and 14 ([Figure 1(A,B)](#F0001){ref-type="fig"}). HE (Hematoxylin and Eosin) staining of kidney tissue showed increased cystic dilations in PKD group than WT group ([Figure 1(C)](#F0001){ref-type="fig"}). In addition, DNA replication was significantly increased in PKD group than WT group ([Figure 1(D)](#F0001){ref-type="fig"}). We further detected autophagy-related protein ULK1, LC3-I, LC3-II and p62 expressions in WT and PKD mice ([Figure 1(E)](#F0001){ref-type="fig"}). Compared with WT group, ULK1 expression was significantly decreased in PKD group, the ratio of LC3-II/LC3-I was significantly decreased in PKD group, and p62 expression was significantly upregulated in PKD group ([Figure 1(F--H)](#F0001){ref-type="fig"}), indicating autophagy was inhibited in renal cells from PKD mice.

![Enhanced autophagy in renal cells from polycystic kidney mice. (A) Kidney to body weight was measured at day 1, 3, 7, 10 and 14 in WT and PKD mice. (B) Blood urea content was measured at day 1, 3, 7, 10 and 14 in WT and PKD mice. (C) HE staining of kidney tissue showed increased cyst proportion in PKD group. (D) DNA replication in WT and PKD group. (E). Autophagy-related protein ULK1, LC3-I, LC3-II and p62 expressions in WT and PKD mice. \**p* \< 0.05 vs WT. *N* = 6.](IRNF_A_1745236_F0001_C){#F0001}

3.2.. Inhibition of miR-25-3p enhanced the autophagy in renal cells {#s0018}
-------------------------------------------------------------------

As shown in [Figure 2(A)](#F0002){ref-type="fig"}, miR-25-3p expression was significantly upregulated in PKD group than WT group. HE staining of kidney tissues showed decreased cystic dilations in PKD + inhibitor group (PKD + miR-25-3p inhibitor) than PKD group ([Figure 2(B)](#F0002){ref-type="fig"}), indicating inhibition of miR-25-3p enhanced the the autophagy in PKD mice. Then, PKD cells were transfected with inhibitor and inhibitor-nc. Results showed that miR-25-3p expression was significantly downregulated in inhibitor group (PKD + miR-25-3p inhibitor-negative control) ([Figure 2(C)](#F0002){ref-type="fig"}), which indicated that the transfection was successful. In addition, ULK1 expression was significantly increased in inhibitor group, the ratio of LC3-II/LC3-I was significantly increased in inhibitor group, and p62 expression was significantly downregulated in inhibitor group ([Figure 2(D--G)](#F0002){ref-type="fig"}), indicating inhibition of miR-25-3p enhanced the autophagy in renal cells.

![Inhibition of miR-25-3p increased the autophagy in renal cells. (A) miR-25-3p expression was detected in WT and PKD mice. (B) HE staining of kidney tissues in WT group, PKD group, PKD + inhibitor group (PKD + miR-25-3p inhibitor), inhibitor + rapamycin group. *N* = 6. (C--G) PKD cells were divided into control, inhibitor and inhibitor-nc (miR-25-3p inhibitor-negative control) groups. miR-25-3p expression was detected by qRT-PCR. Autophagy-related protein ULK1, LC3-I, LC3-II and p62 expressions were detected by Western blot. \**p* \< 0.05 vs WT or control. *N* = 3.](IRNF_A_1745236_F0002_C){#F0002}

3.3.. Inhibition of miR-25-3p suppressed the proliferation of renal cells {#s0019}
-------------------------------------------------------------------------

As shown in [Figure 3(A--C)](#F0003){ref-type="fig"}, the expressions of cell proliferation markers E2F-1 and PCNA were significantly upregulated in kidney lysates from PKD mice than WT mice. Then, PKD cells were divided into control, inhibitor and inhibitor-nc groups. The expressions of E2F-1 and PCNA were significantly downregulated in inhibitor group than control group ([Figure 3(D--F)](#F0003){ref-type="fig"}). Also, Brdu staining showed that the proliferation of PKD cells was significantly suppressed in inhibitor group than control group ([Figure 3(G,H)](#F0003){ref-type="fig"}), indicating inhibition of miR-25-3p suppressed the proliferation of renal cells.

![Inhibition of miR-25-3p suppressed the proliferation of renal cells. (A--C) The expressions of cell proliferation markers E2F-1 and proliferating cell nuclear antigen (PCNA) in WT and PKD mice were detected by Western blot. (D--F) PKD cells were divided into control, inhibitor and inhibitor-nc groups. The expressions of E2F-1 and PCNA in control, inhibitor and inhibitor-nc groups were detected by Western blot. (G,H) The proliferation of PKD cells in control, inhibitor and inhibitor-nc groups were detected by Brdu staining. \**p* \< 0.05 vs WT or control. *N* = 3.](IRNF_A_1745236_F0003_C){#F0003}

3.4.. Mir-25-3p targetedly suppressed ATG14 expression {#s0020}
------------------------------------------------------

Firstly, we found the expressions of ATG14 and Beclin1 were significantly upregulated in inhibitor group than control group ([Figure 4(A--C)](#F0004){ref-type="fig"}). Next, bioinformatics software (Targetscan) predicted there were binding sites between miR-25-3p and ATG14 ([Figure 4(D)](#F0004){ref-type="fig"}). The targeted regulation of miR-25-3p on ATG14 was detected by dual luciferase reporter gene assay. Results showed that miR-25-3p significantly decreased the luciferase activity of ATG-WT, while miR-25-3p did not significantly affect the luciferase activity of ATG-mut ([Figure 4(E)](#F0004){ref-type="fig"}). In addition, ATG14 expression was significantly upregulated in kidney lysates from PKD mice than WT mice ([Figure 4(F)](#F0004){ref-type="fig"}).

![miR-25-3p targetedly suppressed ATG14 expression. (A--C) PKD cells were divided into control, mimic and mimic-nc groups. The expressions of ATG14 and Beclin1 were detected by Western blot. (D,E) The targeted regulation of miR-25-3p on ATG14 was detected by dual luciferase reporter gene assay. *N* = 3. (F). ATG14 expression in WT and PKD mice was detected by Western blot. \**p* \< 0.05 vs WT or control. *N* = 6.](IRNF_A_1745236_F0004_B){#F0004}

3.5.. Silencing ATG14 abolished the effect of miR-25-3p inhibitor on cell proliferation {#s0021}
---------------------------------------------------------------------------------------

As shown in [Figure 5(A)](#F0005){ref-type="fig"}, ATG14 expression was significantly upregulated in inhibitor group, and si-ATG14 abolished the promotion effect of miR-25-3p inhibitor on ATG14 expression. Cell proliferation was significantly suppressed in inhibitor group, and si-ATG14 abolished the inhibition effect of miR-25-3p inhibitor on cell proliferation ([Figure 5(B)](#F0005){ref-type="fig"}). In addition, si-ATG14 abolished the inhibition effect of miR-25-3p inhibitor on E2F-1 and PCNA expressions ([Figure 5(C--E)](#F0005){ref-type="fig"}). *In vivo* experiments showed that miR-25-3p inhibitor significantly upregulated ATG14 expression in PKD mice, and si-ATG14 abolished the promotion effect of miR-25-3p inhibitor on ATG14 expression by immunohistochemical technique ([Figure 5(F,G)](#F0005){ref-type="fig"}). Finally, miR-25-3p inhibitor significantly downregulated E2F-1 and PCNA expressions, and si-ATG14 abolished the inhibition effect of miR-25-3p on E2F-1 and PCNA expressions *in vivo* ([Figure 5(H--J)](#F0005){ref-type="fig"}).

![ATG14 overexpression abolished the effect of miR-25-3p inhibitor on cell proliferation. PKD cells were divided into control, inhibitor, inhibitor + si-ATG14 and inhibitor + si-NC groups. (A) ATG14 expression was detected by Western blot. (B) Cell proliferation was detected by CCK-8 assay. (C--E) The expressions of E2F-1 and PCNA were detected by Western blot. *N* = 3. Mice were divided into WT, PKD, PKD + inhibitor, PKD + inhibitor + si-ATG14, PKD + inhibitor + si-NC groups. (F,G) The expression of ATG14 was analyzed by immunohistochemical technique. (H--J) The expressions of E2F-1 and PCNA were detected by Western blot. \**p* \< 0.05 vs WT, \#*p* \< 0.05 vs PKD, &*p* \< 0.05 vs PKD + inhibitor. *N* = 6.](IRNF_A_1745236_F0005_C){#F0005}

4.. Discussion {#s0022}
==============

Many researchers have reported that the activation of autophagy play a protection role in PKD \[[@CIT0011]\]. In PKD1 mutant renal epithelial cells, cyst formation is increased, and autophagy is inhibited, for LC3B II protein level is downregulated \[[@CIT0011]\]. Impaired autophagic flux is found in PKD1 mutant zebrafish and kidney epithelial cells from patients with PKD, and activation of autophagy inhibits the formation of cyst and restores kidney function in PKD1 mutant zebrafish \[[@CIT0013]\]. In this study, we found that kidney to body weight and blood urea content were increased in PKD mice, cyst formation was promoted in kidney tissue from PKD mice, and autophagy-related protein level ULK1 and LC3-II/LC3-I was downregulated, which were consistent with previous reports \[[@CIT0011],[@CIT0013]\].

Increasing evidences have shown that miRNAs play critical roles in the regulation of PKD pathogenesis. For example, miR-17 was upregulated in kidney cystic dilations and could facilitate the progression of PKD \[[@CIT0031],[@CIT0032]\]. miR-501-5p was upregulated in PKD cells and tissues, and promoted the proliferation of kidney cells \[[@CIT0033]\]. miR-21 expression was increased in kidney samples from PKD patients and cystic kidneys from PKD mice, and miR-21 knockdown attenuated cyst burden, decreased kidney injury and improved the survival of PKD mice \[[@CIT0034]\]. Previous studies also have provided evidences that miRNAs are involved in the regulation of autophagy in many diseases. For example, miR-144 promoted brain injury of intracerebral hemorrhage through inducing the activation of autophagy \[[@CIT0035]\]. miR-223 inhibited the formation of foam cells in atherosclerosis obliterans *via* regulating the autophagy of vascular smooth muscle cells \[[@CIT0036]\]. In this study, we found miR-25-3p was upregulated in kidney tissues from PKD mice, and inhibition of miR-25-3p promoted the autophagy in renal cells in *in vivo* and *in vitro* experiments. To the best of our knowledge, this is the first study that investigates the role of miR-25-3p in the regulation of autophagy in PKD, which will enrich the literature.

In addition, miRNAs are involved in the regulation of cell proliferation in a variety of diseases. For example, miR-647 promoted the proliferation of vascular smooth muscle cells, which might provide promising treatment for atherosclerosis \[[@CIT0037]\]. miR-301a-3p promoted the proliferation of prostate cancer cells to facilitate the progression of prostate cancer \[[@CIT0038]\]. Importantly, several miRNAs are reported to be involved in the regulation of kidney cell proliferation in PKD progression, such as miR-199a-5p, miR-17, miR-18a, miR-19a, miR-19b, miR-20a and miR-92a \[[@CIT0039],[@CIT0040]\]. In this study, we conducted a series of *in vitro* and *in vivo* experiments, and found that inhibition of miR-25-3p inhibited the proliferation of renal cells, thereby suppressing the formation of cyst in PKD, which may provide new potential targets for the treatment of PKD.

Numerous researchers have found that miRNAs regulate the progression of diseases through targeting mRNAs, thereby suppressing gene expressions \[[@CIT0041],[@CIT0042]\]. A series of studies has shown that miR-25-3p can directly target Sema4C mRNA, PTEN mRNA, and BTG2 mRNA, thereby suppressing Sema4C, PTEN and BTG2 expressions in diseases \[[@CIT0043],[@CIT0044]\]. In this study, dual luciferase reporter gene assay showed that miR-25-3p can target ATG14. In addition, the trend of miR-25-3p expression and ATG14 expression was opposite in PKD mice, indicating that miR-25-3p targeted ATG14 and negatively regulate ATG14 expression in PKD.

Previous researchers reported that ATG14 can be involved in the regulation of vascular smooth muscle cell/ovarian cancer cell proliferation mediated by miR-29b/miR-152 \[[@CIT0045],[@CIT0046]\]. Since we confirmed that Atg protein ATG14 can be targetedly regulated by miR-25-3p, we assumed that ATG14 might be involved in the regulation of kidney cell proliferation mediated by miR-25-3p in PKD. According to the results from *in vitro* and *in vivo* experiments, si-ATG14 abolished the inhibition effect of miR-25-3p inhibitor on renal cell proliferation, and reversed the inhibition effect of miR-25-3p inhibitor on E2F-1 and PCNA expressions, which indicated that ATG14 was involved in the regulation of kidney cell proliferation mediated by miR-25-3p in PKD.

In conclusion, inhibition of miR-25-3p promoted the autophagy in renal cells and inhibited the proliferation of renal cells through targeting ATG14 *in vitro* and *in vivo*, which provided potential targets for the treatment of PKD.
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